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1
POWER STEALING FOR A
WIRELESS-ENABLED THERMOSTAT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/814,776 filed on Apr. 22, 2013. The entire
disclosure of the above application is incorporated herein by
reference.

FIELD

The present disclosure generally relates to power stealing,
and more particularly (but not exclusively) to power stealing
for a wireless-enabled thermostat.

BACKGROUND

This section provides background information related to
the present disclosure which is not necessarily prior art.

Digital thermostats in climate control systems typically
have microcomputers and other components that continu-
ously use electrical power. A number of currently available
thermostats also have wireless communication capabilities.
Such a thermostat (referred to herein as a “wireless-enabled”
thermostat) may be wirelessly connected, e.g., with one or
more sensors in a network to provide climate control in a
home or other structure.

SUMMARY

This section provides a general summary of the disclosure,
and is not acomprehensive disclosure of its full scope orall of
its features.

According to various aspects, exemplary embodiments are
disclosed of apparatus, systems and methods for power steal-
ing for a wireless-enabled thermostat. In an exemplary
embodiment, a wireless-enabled thermostat for use in a cli-
mate control system generally includes a control having a
wireless network interface configured to intermittently con-
nect the thermostat in a wireless network in accordance with
a duty cycle, the duty cycle having a connect time in which the
thermostat is connected in the wireless network and a sleep
time in which the thermostat is not connected in the wireless
network. A power stealing circuit of the thermostat is config-
ured to steal power through an “on-mode” load of the climate
control system and to charge a capacitor or other energy
storage device to provide the power for the wireless network
interface. The control is configured to adjust at least the sleep
time in accordance with a time for charging the capacitor or
other energy storage device to a threshold voltage.

In another example embodiment, a wireless-enabled ther-
mostat for use in a climate control system includes a control
having a wireless network interface configured to intermit-
tently connect the thermostat in a wireless network in accor-
dance with a duty cycle, the duty cycle having a connect time
in which the thermostat is connected in the wireless network
and a sleep time in which the thermostat is not connected in
the wireless network. A power stealing circuit is configured to
steal power through an “on-mode” load of the climate control
system and to charge an energy storage device over a time
period varying with current through the “on-mode” load, to
provide the power for the wireless network interface. The
control is configured to adjust at least the sleep time in accor-
dance with the varying time period.
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Also disclosed, in one embodiment, is an example method
that generally includes controlling a wireless network inter-
face of the thermostat to intermittently connect the thermostat
in a wireless network in accordance with a duty cycle, the
duty cycle having a connect time in which the thermostat is
connected in the wireless network and a sleep time in which
the thermostat is not connected in the wireless network. The
method includes stealing power through an “on-mode” load
of the climate control system; using the stolen power for
charging an energy storage device to provide the power for the
wireless network interface; and adjusting at least the sleep
time in accordance with a time for charging the energy stor-
age device to a threshold voltage.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples in this summary are intended for purposes of illus-
tration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative purposes
only of selected embodiments and not all possible implemen-
tations, and are not intended to limit the scope of the present
disclosure.

FIG.1 is a diagram of an exemplary climate control system
including a thermostat in accordance with an exemplary
embodiment of the present disclosure;

FIG. 2 is a diagram of an exemplary power stealing circuit
in accordance with an exemplary embodiment of the present
disclosure; and

FIG. 3 is a flow diagram of a control-performed method for
controlling wireless thermostat network connections in
accordance with an exemplary implementation of the present
disclosure.

Corresponding reference numerals indicate corresponding
parts throughout the several views of the drawings.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings.

The inventors hereof have recognized that currently avail-
able wireless-enabled thermostats typically require continu-
ous power. Various digital thermostats utilize “off-mode”
power stealing to obtain operating power. That is, when a
climate control system load (e.g., a compressor, fan, or gas
valve) has been switched off, power may be stolen from the
“oft-mode” load’s circuit to power the thermostat. A wire-
less-enabled thermostat, however, consumes more power
than generally would be available from batteries or from
currently used methods of power stealing. Wireless-enabled
thermostats typically are connected to a climate control sys-
tem transformer “hot” wire (e.g., an R wire) and a common
wire (e.g., aC wire), so that the full transformer voltage might
be accessed to power the thermostat’s wireless capability.

The inventors also have observed, however, that most cur-
rent gas furnace applications do not make use of a C wire.
Also, it often happens that a C wire is not provided in a wire
bundle that has been run from a climate control system trans-
former to a thermostat. In such cases, a homeowner or con-
tractor may find it necessary to pull a C wire, e.g., through
walls and/or other infrastructure in order to be able to install
a wireless-enabled thermostat.

Accordingly, the inventors have developed and disclose
herein exemplary embodiments of apparatus, systems and
methods of power stealing for a wireless-enabled thermostat.
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In some embodiments, a wireless-enabled thermostat is pro-
vided in which a wireless interface may be powered by power
stealing from a transformer through a load that is in an “on”
mode, e.g., through a compressor when the thermostat is
calling for cooling, and/or, e.g., through a gas valve when the
thermostat is calling for heat.

With reference now to the figures, FIG. 1 illustrates an
exemplary embodiment of a climate control system 10
embodying one or more aspects of the present disclosure. As
shown in FIG. 1, the climate control system 10 includes two
power sources, e.g., two transformers 14 and 18 for providing
power respectively to a heating subsystem 22 and a cooling
subsystem 24. The heating subsystem transformer 14 has a
hot (typically 24-volt) side 28 and a common, i.e., neutral,
side 30. The cooling subsystem transformer 18 has a hot
(typically 24-volt) side 32 and a common, i.e., neutral, side
34. The cooling subsystem 24 includes a fan 38 and a com-
pressor 42 connected on the common side 34 of the trans-
former 18. The heating subsystem 22 includes a furnace gas
valve 46 connected on the common side 30 of the heating
subsystem transformer 14. In the present example, a C termi-
nal is provided from a common C wire connected, e.g., with
the common side 34 of the transformer 18. In various embodi-
ments of the disclosure, no C wire is used or even provided.

In one example embodiment, a thermostat 50 is provided
for controlling operation of the climate control system 10.
The thermostat 50 may activate one or more relays and/or
other switching devices(s) (not shown in FIG. 1) to activate
the heating subsystem 22 or cooling subsystem 24. When,
e.g., a user operates the thermostat 50 to cause the climate
control system 10 to provide heating, the thermostat 50 turns
on the heating subsystem 22 and gas valve 46 by using a relay
or other switching device to connect a “hot” terminal RHto a
load terminal W. To provide cooling, the thermostat 50 may
turn on the compressor 42 and/or fan 38 by using one or more
relays or other switching device(s) to connect a “hot” terminal
RC to load terminals Y and/or G.

An example power stealing circuit 60 may obtain power
from the transformers 14 and/or 18 for the thermostat 50. In
various embodiments of the disclosure, and as further
described below, the power stealing circuit 60 may utilize
“on-mode” power stealing. Stolen power may be used for
powering one or more components of the thermostat 50,
including but not necessarily limited to a control 64 having a
processor 66 and memory 68, and a wireless network inter-
face 70, e.g., a network interface card (NIC). The wireless
network interface 70 is configured to provide intermittent
connection of the thermostat 50 in a wireless network, e.g., a
home network through which the user may communicate
with an energy management service and manage climate
control in the home using a wireless connection with the
thermostat 50. In various embodiments, the thermostat 50
may be connected with the wireless home network in accor-
dance with a duty cycle. The duty cycle has a connect time in
which the thermostat 50 is connected in the wireless network,
and a sleep time in which the thermostat 50 is in a “sleep”
state, i.e., not connected in the wireless network. For
example, the thermostat 50 may be connected with the wire-
less network for a connect time, e.g., of 30 seconds, after
which the thermostat 50 sleeps for a sleep time of, e.g., 30
seconds, and so on.

The power stealing circuit 60 is configured to steal power
through an “on-mode” load of the climate control system 10
to provide power for at least the wireless network interface 70
during connect times of the duty cycle as further described
below. It should be noted generally that thermostat embodi-
ments and/or power stealing circuit embodiments in accor-
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dance with various aspects of the disclosure could be installed
in other types of climate control systems, including but not
limited to systems having a single transformer, heat-only
systems, cool-only systems, heat pump systems, etc. In some
embodiments a C terminal may be provided, e.g., from the
common side 30 of the transformer 14. In some other embodi-
ments, a thermostat may not be provided with a connection to
a common C wire. Further, the climate control system 10
shown in FIG. 1 provides single-stage heat and single-stage
cooling. But in other embodiments, a thermostat having a
power stealing circuit as described herein may be provided in
a climate control system having multiple stages of heating
and/or cooling.

An example embodiment of a power stealing circuit is
indicated in FIG. 2 by reference number 100. The power
stealing circuit 100 may be adapted for use in a thermostat for
any one of a plurality of climate control system types, e.g.,
systems having a single transformer, two-transformer sys-
tems, heat-only systems, cool-only systems, heat pump sys-
tems, etc. The power stealing circuit 100 may be configured to
steal power through one or more climate control system
loads. In various embodiments, the power stealing circuit 100
is configured to steal power from a load that is in an “on”
mode.

In the example embodiment shown in FIG. 2, the power
stealing circuit 100 is configured to steal power, e.g., from a
heating subsystem controlled through a thermostat in which
the power stealing circuit 100 is included. When, e.g., a user
operates the thermostat to provide heating, a thermostat con-
trol 104 turns on the heating subsystem gas valve by closing
relay(s) 108 to connect a “hot” terminal RH to a load terminal
W. The power stealing circuit 100 includes a current sensor
116, e.g., a clipper circuit, a step-down current transformer
120, and a rectifier 124, e.g., a full wave rectifier. In some
embodiments, a half-wave rectifier could be used. The recti-
fier 124 is connected across a high-voltage capacitor 130 (or
other energy storage device) and a regulator circuit 134, e.g.,
a buck circuit, to provide an output 138 to a wireless network
interface 140 of the thermostat. The regulator circuit 134 may
be configured to reduce the capacitor voltage to a level com-
patible with the wireless network interface 140. The output
138 may be, e.g., a 3.3 VDC voltage.

The capacitor 130 becomes charged as rectified current
flows through the rectifier 124. When the capacitor 130 is
charged, e.g., to a threshold voltage, the regulator circuit 134
outputs power sufficient to make and at least temporarily
maintain a network connection through the network interface
140. In various embodiments, the capacitor 130 typically
takes a maximum of 30 seconds to charge to the threshold
voltage. A voltage Vmon across the capacitor 130 is moni-
tored by the control 104, which controls the wireless network
interface 140 based at least in part on the capacitor voltage.
The control 104 also controls the wireless network interface
140 based at least in part on a duty cycle as previously dis-
cussed with reference to FIG. 1.

One example control-performed method for controlling
thermostat network connections through a network interface
is indicated generally in FIG. 3 by reference number 200 and
shall be described with reference to the power stealing circuit
100 shown in FIG. 2. In process 204, the control 104 sets a
timer for a duty cycle sleep time, e.g., for 30 seconds, and
causes the thermostat to “sleep.” In process 208, it is deter-
mined whether the timer has expired and/or whether the
capacitor 130 has become charged to a threshold voltage. In
either or both events, the thermostat is caused in process 212
to “wake up,” to set the timer for the duty cycle connect time
of, e.g., 30 seconds, to connect with the wireless network, and
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possibly to send and/or receive information through the net-
work. Thus, the control 104 may adjust at least the sleep time
period in accordance with a time for charging the capacitor
130 to the threshold voltage. When the timer expires, control
may return to process 204 in which the timer is reset and the
thermostat returns to sleep. If in process 208 the timer is still
active and the capacitor is not yet charged to the threshold
voltage, then control returns to process 208.

As load current increases on the W wire, there is more
current available from the current transformer 120. The
capacitor 130 thus can be charged more quickly and can reach
the threshold voltage more quickly than when a lower amount
of current is available. At such times, the thermostat can be
cycled more quickly through network connection cycles and
can spend more time connected in the network than through
adherence to only the predetermined duty cycle. In this way,
performance of the example method 200 automatically
adjusts the cycle times for network connections. The more
power that can be stolen, the more frequently the network
connections can be cycled, thereby reducing latency time to
and/or from the network. In various embodiments, various
capacitors and threshold capacitor voltages may be used in
relation to, e.g., various types of regulator circuits, including
but not limited to buck circuits, boost circuits, converter cir-
cuits, integrated circuits, etc. Additionally or alternatively,
various duty cycles could be provided, e.g., to accommodate
various capacitor charging times. In various embodiments, a
thermostat may include a battery to provide backup power in
the event that power stealing is not available. Additionally or
alternatively, power can be stolen, e.g., from both “on-mode”
and “off-mode” loads at the same time in some example
embodiments.

Embodiments of the foregoing thermostats and power
stealing circuits do not require a common wire to provide
power for a wireless capability. Instead, a capacitor of a
thermostat power stealing circuit can be used as a power
reservoir that charges and discharges so that intermittent
wireless network connections for network updates can be
provided to the thermostat. In climate control systems in
which both heating and cooling loads are available for power
stealing, a wireless thermostat radio could be powered almost
continuously (i.e., powered during duty cycle connection
time periods that are long compared to sleep time periods.) In
addition, exemplary embodiments are disclosed that include a
capacitor. In alternative embodiments, other energy storage
devices may be used besides capacitors, such as rechargeable
batteries, etc.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who
are skilled in the art. Numerous specific details are set forth
such as examples of specific components, devices, and meth-
ods, to provide a thorough understanding of embodiments of
the present disclosure. It will be apparent to those skilled in
the art that specific details need not be employed, that
example embodiments may be embodied in many different
forms, and that neither should be construed to limit the scope
of the disclosure. In some example embodiments, well-
known processes, well-known device structures, and well-
known technologies are not described in detail. In addition,
advantages and improvements that may be achieved with one
ormore exemplary embodiments of the present disclosure are
provided for purpose of illustration only and do not limit the
scope of the present disclosure, as exemplary embodiments
disclosed herein may provide all or none of the above men-
tioned advantages and improvements and still fall within the
scope of the present disclosure.
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Specific dimensions, specific materials, and/or specific
shapes disclosed herein are example in nature and do not limit
the scope of the present disclosure. The disclosure herein of
particular values and particular ranges of values for given
parameters are not exclusive of other values and ranges of
values that may be useful in one or more of the examples
disclosed herein. Moreover, it is envisioned that any two
particular values for a specific parameter stated herein may
define the endpoints of a range of values that may be suitable
for the given parameter (i.e., the disclosure of a first value and
a second value for a given parameter can be interpreted as
disclosing that any value between the first and second values
could also be employed for the given parameter). For
example, if Parameter X is exemplified herein to have value A
and also exemplified to have value Z, it is envisioned that
parameter X may have a range of values from about A to about
Z. Similarly, it is envisioned that disclosure of two or more
ranges of values for a parameter (whether such ranges are
nested, overlapping or distinct) subsume all possible combi-
nation of ranges for the value that might be claimed using
endpoints of the disclosed ranges. For example, if parameter
X is exemplified herein to have values in the range of 1-10, or
2-9, or 3-8, it is also envisioned that Parameter X may have
other ranges of values including 1-9, 1-8, 1-3, 1-2, 2-10, 2-8,
2-3, 3-10, and 3-9.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” may be intended to include the plural forms as well,
unless the context clearly indicates otherwise. The terms
“comprises,” “comprising,” “including,” and “having,” are
inclusive and therefore specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof. The method steps, pro-
cesses, and operations described herein are not to be con-
strued as necessarily requiring their performance in the par-
ticular order discussed or illustrated, unless specifically
identified as an order of performance. It is also to be under-
stood that additional or alternative steps may be employed.

When an element or layer is referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another ele-
ment or layer, it may be directly on, engaged, connected or
coupled to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly engaged to,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there may be no intervening elements or layers
present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.). As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

The term “about” when applied to values indicates that the
calculation or the measurement allows some slight impreci-
sion in the value (with some approach to exactness in the
value; approximately or reasonably close to the value;
nearly). If, for some reason, the imprecision provided by
“about” is not otherwise understood in the art with this ordi-
nary meaning, then “about” as used herein indicates at least
variations that may arise from ordinary methods of measuring
orusing such parameters. For example, the terms “generally,”
“about,” and “substantially,” may be used herein to mean
within manufacturing tolerances.
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Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence or
order unless clearly indicated by the context. Thus, a first
element, component, region, layer or section discussed below
could be termed a second element, component, region, layer
or section without departing from the teachings of the
example embodiments.

Spatially relative terms, such as “inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. Spatially relative terms
may be intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not
intended to be exhaustive or to limit the disclosure. Individual
elements, intended or stated uses, or features of a particular
embodiment are generally not limited to that particular
embodiment, but, where applicable, are interchangeable and
can beused in a selected embodiment, even if not specifically
shown or described. The same may also be varied in many
ways. Such variations are not to be regarded as a departure
from the disclosure, and all such modifications are intended to
be included within the scope of the disclosure.

What is claimed is:

1. A wireless-enabled thermostat for use in a climate con-
trol system, the thermostat comprising:

a control having a wireless network interface configured to
intermittently connect the thermostat in a wireless net-
work in accordance with a duty cycle, the duty cycle
having a connect time in which the thermostat is con-
nected in the wireless network and a sleep time in which
the thermostat is not connected in the wireless network;
and

a power stealing circuit configured to steal power through
an “on-mode” load of the climate control system and to
charge a capacitor to provide the power for the wireless
network interface, the power stealing circuit having a
step-down current transformer in series with a relay
operable to switch the load between “on” and “off”
modes, the step-down current transformer configured to
obtain current from the “on-mode” load for charging the
capacitor;

the control configured to adjust at least the sleep time in
accordance with a time for charging the capacitor to a
threshold voltage.

2. The thermostat of claim 1, wherein the time for charging

the capacitor varies with current through the “on-mode” load.

3. The thermostat of claim 1, wherein the power stealing
circuit comprises:

a clipper circuit connected across the step-down current

transformer;
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a rectifier connected between the step-down current trans-
former and the capacitor and configured to charge the
capacitor from the step-down current transformer; and

a regulator circuit for powering the wireless network inter-
face, the regulator circuit powered by the capacitor.

4. The thermostat of claim 3, wherein the control is con-
figured to monitor the charge of the capacitor and control the
regulator circuit based on the monitoring.

5. The thermostat of claim 3, wherein the regulator circuit
comprises a buck circuit.

6. The thermostat of claim 1, wherein the power stealing
circuit is configured to steal power without using a climate
control system common “C” wire.

7. The thermostat of claim 1, wherein the control is con-
figured to provide intermittent connection of the thermostat
with the wireless network substantially only when power
from the power stealing circuit is available.

8. The thermostat of claim 1, wherein the control is con-
figured to disconnect the thermostat from the wireless net-
work when power from the power stealing circuit has become
unavailable, and reconnect the thermostat in the wireless
network when power from the power stealing circuit has been
restored.

9. The thermostat of claim 1, wherein the sleep time
decreases with increasing current through the “on-mode”
load.

10. A wireless-enabled thermostat for use in a climate
control system, the thermostat comprising:

a control having a wireless network interface configured to
intermittently connect the thermostat in a wireless net-
work in accordance with a duty cycle, the duty cycle
having a connect time in which the thermostat is con-
nected in the wireless network and a sleep time in which
the thermostat is not connected in the wireless network;
and

a power stealing circuit configured to steal power through
an “on-mode” load of the climate control system and to
charge an energy storage device over a time period vary-
ing with current through the “on-mode” load, to provide
the power for the wireless network interface, the power
stealing circuit having a step-down current transformer
in series with a relay operable to switch the load between
“on” and “off” modes, the step-down current trans-
former configured to obtain current from the “on-mode”
load for charging the energy storage device;

the control configured to adjust at least the sleep time in
accordance with the varying time period.

11. The thermostat of claim 10, wherein the power stealing

circuit comprises:

a clipper circuit connected across the step-down current
transformer;

a rectifier connected between the step-down current trans-
former and the energy storage device and configured to
charge the energy storage device from the step-down
current transformer; and

a regulator circuit for powering the wireless network inter-
face, the regulator circuit powered by the energy storage
device.

12. The thermostat of claim 11, wherein:

the energy storage device comprises a capacitor; and

the control is configured to monitor the charge of the
capacitor and control the regulator circuit based on the
monitoring.

13. The thermostat of claim 11, wherein the regulator cir-

cuit comprises a buck circuit.
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14. The thermostat of claim 10, wherein the power stealing
circuit is configured to steal power without using a climate
control system common “C” wire.

15. The thermostat of claim 10, wherein the control is
configured to provide intermittent connection of the thermo-
stat with the wireless network substantially only when power
from the power stealing circuit is available.

16. The thermostat of claim 10, wherein the control is
configured to disconnect the thermostat from the wireless
network when power from the power stealing circuit has
become unavailable, and reconnect the thermostat in the
wireless network when power from the power stealing circuit
has been restored.

17. The thermostat of claim 10, wherein the sleep time
decreases with increasing current through the “on-mode”
load.

18. A method of communicating in a wireless network, the
method performed by a wireless thermostat of a climate con-
trol system, the method comprising:

controlling a wireless network interface of the thermostat

to intermittently connect the thermostat in a wireless
network in accordance with a duty cycle, the duty cycle
having a connect time in which the thermostat is con-
nected in the wireless network and a sleep time in which
the thermostat is not connected in the wireless network;

10

10

stealing power through an “on-mode” load of the climate
control system, the stealing performed at least in part by
receiving current from the “on-mode” load from a step-
down current transformer in series with a relay operable
to switch the load between “on” and “off” modes and
using the received current for charging an energy storage
device to provide the power for the wireless network
interface, where the current being received from the
step-down current transformer for the charging
increases as current increases through the “on-mode”
load; and

adjusting at least the sleep time in accordance with a time

for charging the energy storage device to a threshold
voltage.

19. The method of claim 18, wherein the sleep time period
decreases with increasing current through the “on-mode”
load.

20. The method of claim 18, wherein:

the energy storage device comprises a capacitor; and

the method further comprises:

determining whether a duty cycle timer has expired and/
or whether the capacitor is charged to the threshold
voltage; and

based on the determining, initiating a connect time and
resetting the timer.

#* #* #* #* #*



